The purpose of this study was to investigate the use of different wood types and treatments, and extraction media to induce rapid ageing of brandy. Extracts were prepared from American and French oak, specially prepared and supplied by a cooper, and from commercially obtained oak; both representative of different toasting levels, including untoasted, light, medium and heavy toasted. To extract the wood components, wood chips in either 55% (v/v) neutral wine spirits or water media were boiled under reflux. Distillation was followed by either open (higher boiling temperature) or closed (vacuum or reduced pressure -lower boiling temperature) concentration of the decanted solvent by 45, 65 and 85% (v/v). The concentrated extracts were fortified. Screened extracts were added to unmatured pot-still brandy and aged for eight months at room temperature in glass containers. Controls were stored below 0°C. Matured and unmatured (control) pot-still brandy samples were analyzed for wood-derived congeners by means of HPLC and GC. This article focuses on the effects of the extraction media, and on level and method of concentration (open and reduced pressure) on sensory quality and chemical composition. The treatments that gave acceptable extracts, and the best overall quality pot-still brandy were those that entailed (1) using ethanol instead of water as extraction medium, and (2) levels of concentration above 45% (v/v). Open and reduced-pressure concentrations showed little difference in the quality of the products yielded. Treatments yielding the most acceptable extracts and best overall quality pot-still brandy generally also contained higher concentrations of volatile and less volatile wood-derived congeners. Multivariate data analysis was conducted on the pot-still brandy samples representing the different treatments. Discriminate analysis provided better separation of samples than principal component analysis.
Freshly distilled brandies generally have "sharp" sensory characteristics and are traditionally matured in oak barrels for several years to impart complex aromas and flavours and produce a premium product. Maturation reactions are complex and involve extraction of wood components, evaporation of lowboiling point compounds from the distillate, reactions between the components of the distillate, and interactions of wood and distillate components. Dissolution of wood components is thought to be of prime importance (Litchev, 1989; Conner et al., 1994) . Wood is acknowledged to add value to the quality of spirits during ageing (Marticardi & Waterhouse, 1999) . Oak wood has been used for well over two thousand years to promote the ageing of alcoholic beverages. The qualities of oak wood which favour its use for the aging of spirits include its mechanical and working properties (durability, hardness, pliability, permeability, and the presence of wide multiseriate rays and tylose), and the extractable compounds that it contains (mainly tannins and aromatic components). Oak wood also has the ability to inhibit rotting organisms which might otherwise produce changes in the composition of the spirits (Litchev, 1989; László, 1995; Singleton, 1995; Chatonnet, method of adding wood-derived compounds is the use of oak chips, which are increasingly used for the maturation of many brandies (Mosedale & Puech, 1998) . Subject to some limitations, using oak chips is good cellar practice, legally permitted and a common commercial practice (Singleton & Draper, 1961) . Oak chips of various sizes, which have undergone different heat treatments, are now commercially available and are used to compensate for the low levels of extractables remaining in old barrels. Such barrels may nevertheless be used to provide a "barrel-environment". Alternatively, renewable stacks of planks placed in large steel maturation tanks may be used for the production of brandies. Among the few additives that are authorised for the production of appellation d'origine contrôlée (AOC) eaux-de-vie are wood extracts (boisés). Oak extracts obtained by the traditional method of preparation, by extracting oak chips with boiling water, are usually devoid of most volatile components, consisting primarily of oak tannins or their degradation products (Mosedale & Puech, 1998) . More sophisticated extracts are available, derived from an infusion or extraction of oak wood that may have previously been subjected to either physical or chemical treatments to promote the degradation of macromolecules. In general, even these extracts, either in liquid form or as a powder after lyophilisation, primarily contain phenolic compounds and polysaccharide, with low concentrations of lignin-derived compounds (Mosedale & Puech, 1998) . The addition of such substances to brandies results in imbalances of phenolic compounds, ligno-complex, aromatic acids and aldehydes in the hydro-alcoholic medium. With different methods of extraction there is no reason why extracts containing higher concentrations of those compounds identified as influencing flavour, such as aromatic aldehydes and whiskey lactone, should not be available. These extracts would allow increased control and manipulation of the final taste.
There are five ways in which wood components may influence the flavour of the final brandy product. These are: (1) toasting of the oak barrel; (2) extraction of monomer compounds present in a free state in lignin; (3) formation of compounds by reaction of alcohol with lignin; (4) further conversion of extracted compounds in the spirit; and (5) modification of original spirit congeners in the presence of wood.
The quality of the oak wood and amount of oak wood flavour compounds released from the wood to the distilled liquid during the process of barrel maturation have been shown to vary considerably. This variation has been attributed to various factors. These include differences in oak species and in such geographic factors as country of origin, region, type of forest, climate, soil type, etc. Other factors include inherent variation in composition and characteristics of individual trees (i.e. age, ring width and anatomical composition), part of the tree from which the wood was taken, the method used to obtain the staves, the method (natural or artificial) and length of time that the oak staves are seasoned prior to the barrel being constructed, the time and degree of toasting or heat treatment applied to the finished barrel, the size, shape and prior usage of the barrel, ageing conditions such as the cellar temperature and humidity and spirits maturation time in the barrel, the nature, composition and alcohol concentration of the distillate selected for maturation, and the rate at which such compounds are consumed by further chemical or biochemical transformations (Venter, 1985; Case & van Wyk, 1989; Hacker, 1991a, b, c; Miller et al., 1992; László, 1995; Canas et al., 1999; Chatonnet, 1999; Peréz-Coello et al., 1999; Sauvageot & Feuillat, 1999; Vivas, 2000; Cerdán et al., 2002; Smith, 2002; Spillman et al., 2004) .
Oak wood is primarily composed of three large insoluble polymers, namely cellulose, hemicellulose and lignin. Cellulose is considered to be the framework of the wood, hemicellulose the matrix, and lignin the encrustant. Oak wood also contains different lower molecular weight compounds, such as volatile and nonvolatile acids, sugars, steroids, terpenes, volatile phenols and lactones. In their natural, unfragmented form, the three major classes of polymers (cellulose, hemicellulose and lignin) are insoluble and can not directly affect flavour. The degradation or compositional changes during the application of coopering heat, and the processes of hydrolysis, alcoholysis or ethanolysis during ageing of hydro-alcoholic solvents in the presence of oak wood, lead to degradation of the wood polymer and the release of different lower molecular weight compounds (Litchev, 1989; Pocock et al., 1994; Conner et al., 1999; Pérez-Coello et al., 1999; Puech et al., 1999) . Extracted compounds either are further oxidised into new substances or have immediate potential to affect flavour (Singleton, 1995) .
Cis-and trans-oak lactones, two isomers of b-methyl-goctalactone (also known as whiskey, oak or Quercus lactone), are two of the major volatile and most important aroma compounds present as constituents of oak wood prior to barrel manufacture, which are extracted by brandy during ageing (Suomalainen & Nykänen, 1972; Suomalainen et al., 1974; Hacker, 1991c; Sefton & Spillman, 1995; Singleton, 1995) . Only 3S,4S (cis) and 3S,4R (trans) b-methyl-g-octalactone are present in oak wood (Masson et al., 1995 (Masson et al., , 2000 . Their concentrations increase considerably during the wood drying/ageing phases of preparation and are also formed during the toasting of barrels through dehydration of lipid ester precursor 2-methyl-3-(3,4-dihydroxy-5-methoxybenzo)-octanoic acid present in oak wood (Cerdán et al., 2002) . The oak lactone precursor is not stable and hydrolyses during natural seasoning of the oak wood to give rise to the free and more odiferous cis-isomer, which is four times as odiferous as the trans-form (Chatonnet, 1999) . Eugenol is present in the wood before toasting (Sefton et al., 1993; Singleton, 1995; Cerdán et al., 2002) . Vanillic acid present in brandies is produced by the oxidation of both vanillin and guaiacylpropane units (Canas et al., 1999) . The formation of vanillin during toasting is an oxidative, as well as temperature related process (Godden et al., 1999) . Vanillin and syringaldehyde are the most abundant forms of phenolic aldehydes from hardwood lignin (Hale et al., 1999) . Furfural and 5-hydroxymethyl furfural are products of the thermal degradation of the pentoses moieties of polyose (Singleton, 1995; Hale et al., 1999) . Although the phenolic composition of brandy depends primarily on the phenolic composition of the grape, some phenols are extracted from the wood and are referred to as nonflavonoids. These include tannins, hydrolysable tannins, gallic acid, ellagic acid, and aromatic acids and aldehydes (Suomalainen & Nykänen, 1972; Suomalainen et al., 1974; Jindra & Gallander, 1987) . No aromatic congeners are present in unaged spirits prior to storage in barrels (Baldwin et al., 1967) . Steeping of wood in hydro-alcoholic solutions affords the advantage of simulating the extraction conditions which occur during the ageing of spirits.
Since ageing is such an important part of the brandy making process, the optimization of ageing conditions, including the type and treatment of raw materials, in order to rapidly induce ageing character, is of particular interest to the brandy industry. The purpose of this study was to investigate the preparation methods and conditions that accompany the use of oak wood extracts to optimise the process of inducing the soft, rounded character which is typical of a good brandy, and to rapidly induce ageing character. This article focuses on the effects of the extraction media (ethanol or water), on the level of concentration (by 45, 65 or 85%, v/v) , and on the type of concentration method employed (open or reduced pressure), on sensory quality and chemical composition of oak extracts, and unmatured pot-still brandy.
Since literature on the composition of oak extracts is limited, and in view of the heterogeneity of such materials and the fact that there are many oak-derived products on the market, extracts should be used for brandy ageing with caution. For these same reasons the extracts used in this work were prepared under known and controlled conditions in the laboratory. By adding to the inventory of oak wood constituents this work contributes to local and international knowledge concerning the applications of wood extracts in brandy aging.
The work reported here was part of a wider investigation of brandy aging. Toasting and type of oak are discussed in separate articles. Interactive aspects of the collected data will be discussed in a subsequent review article.
MATERIALS AND METHODS

Preparation of oak extracts
American and French oak chips were obtained from two sources: a cooper and a commercial supplier (Table 1) . These sources of oak were used because they are recognised for producing high quality brandy barrels. Toasting levels vary according to Chips were added at 200 g/L to either 55% (v/v) (diluted from 96.6%) neutral wine spirits, or to distilled water, and distilled. Boiling was carried out under reflux, with backflow cooling using Vigreaux columns and condensers coupled to an ethanol bath at -10°C for five hours, followed by open concentration of the decanted (using a coarse sieve) solvent at atmospheric pressure on a heating mantle in 5 L round-bottomed flasks. Recorded final temperatures of extracts were ±86°C for ethanol, and ±97°C for water. Concentration was also carried out under closed conditions (reduced pressure, Table 1 ) using a Buchi rotavapour (recorded final temperatures of extracts: ethanol ±62°C and water ±71°C; pressure: ±71 kPa). Heat-extracted solvents were concentrated by 45%, 65% or 85% (v/v), relative to the original volume (Table  1) . Heating during the distillation and concentration processes also assists with the preliminary degradation of the wood (Puech, 1988) . The extracts were fortified to 40% (v/v) with 96.6% wine 
Commercial supplier American: Oak-Mor granular white (Quercus alba) oak
Level of toasting as per supplier specifications.
2
Open concentration of extracts performed in a 5 L flask on a heating mantle.
3
Closed concentration performed under vacuum on a rotavap. 4 45%, 65% and 85% (v/v) are the levels to which extracts were concentrated by during preparation. 5, 6 Extractions performed in either ethanol or water medium. Coopering conditions: air dried for nine months under South African conditions prior to initial drying in France, cleaved, ozone treatment before toasting in an oven.
spirits. Samples of fortified extracts were retained for sensory evaluation. Remaining fortified extracts were added to 67% (v/v) unmatured pot-still brandy (procured as one batch) at 60 mL/L and stored for eight months in glass containers (Schott bottles) at room temperature, or in the case of controls, below 0°C. Volumes and weights of all fractions were recorded throughout the extraction procedure.
Sensory evaluation
Fortified (40%, v/v) extracts representing all treatment combinations were sensorially evaluated in duplicate by a panel of seven judges in different sessions over a period of three days. Acceptability for brandy production was expressed as a yes or no response. The number of yes scores for each extract evaluated was expressed as a percentage of the total number of evaluations per extract. Pot-still brandy samples were also sensorially evaluated (Venter, 1994) , in duplicate, for overall quality by a panel of seven experienced judges. A line method was used whereby the value ascribed to each brandy characteristic (herbaceous, fruity, woody, toasted, sweet associated, other positive, other negative and overall quality) was expressed by marking an unstructured, straight 10 cm line. The left-hand and right-hand ends of the line were, respectively labeled "not detectable" and "prominent".
Determination of volatile components
Volatile flavour constituents extracted into the distilled spirit from oak chips were separated, identified and quantified by means of gas chromatography (GC), and the non-volatile and less volatile compounds by means of high-performance liquid chromatography (HPLC).
GC determination of oak-derived wood congeners
Volatile compounds in pot-still brandies were analysed by means of GC, after extraction from pot-still brandy in accordance with Distell Group Limited laboratory methods. Quantification was obtained by calibration with 2-phenylethyl acetate as internal standard. The GC (HP 5890 series II, HP 7673 injector, HP 3396 integrator) conditions were as follows: injection port temperature 200°C; flame ionisation detector (FID) temperature 250°C; the oven temperature was programmed from 80°C to 210°C at 3°C/min, and to 230°C at 10°C/min. The hydrogen flow rate was 30 mL/min, with a split ratio 20:1. The column was a LabAlliance Polyethylene glycol capillary column (60 m x 0.32 mm x 0.5 μm film thickness). Compounds determined were: Furfural, 5-methylfurfural, guaiacol, eugenol, trans-oak lactone, cis-oak lactone, 2, 6-dimethoxyphenol, 3, 5-hydroxymethyl furfural, vanillin, o-cresol, phenol, ethyl guaiacol and p-cresol.
HPLC determination of oak-derived wood congeners
Components were determined and quantified by HPLC, after extraction from pot-still brandy, in accordance with Distell Group Limited laboratory methods, using an external standard calibration method. Chromatographic analyses were carried out using an HPLC (HP 1090 model) with a binary pump and HP Chemstation, thermostatted column compartment, UV Detector (280 nm) and auto sampler. A reversed-phase column from Phenomenex, Luna C 18 5 mm, 4.6 x 150 mm, operated at 40°C, preceded by a security guard holder plus cartridge (Phenomenex), was used. Chromatographic conditions were: Column temperature, 40°C; flow rate, 1 mL/min; wavelength, 280 nm; total run time, 55 min. The following compounds were determined: Gallic acid, catechin, vanillic acid, syringic acid, p-coumaric acid, syringaldehyde, m-coumaric acid, ellagic acid, coniferaldehyde and sinapaldehyde. A stock solution of 1 g/L of each of the above-mentioned compounds was made up in methanol and stored at 4°C. Standard solutions were injected after every 5 samples to confirm the accuracy of the analytical results. The mobile phase included the following: (A), 5 mL perchloric acid in 1 L deionised water; and (B), 80% acetonitrile (800 mL acetonitrile + 200 mL A). Samples were prepared by diluting all pot-still brandy samples by addition of 1 mL of sample to two mL distilled water and filtering through a 0.45 mm syringe filter and dispensing 1 mL of diluted sample into a 1.8 mL glass vial. A calibration table was also set up.
Statistical Procedures
The experimental design was completely random with two replicates per treatment. The treatment design was a 2 x 2 x 3 x 2 x 3 x 2 factorial with factors "agent" (cooper versus commercial supplier), "oak" (American versus French), "level of toasting" (light, medium and heavy), "extraction medium" (ethanol versus water), "concentration level" (45%, 65% and 85%, v/v), "open/ vacuum" (open versus reduced-pressure), resulting in a total of 144 treatment combinations. As toasting for the different agent x oak combinations may not be comparable, the agent x oak x toasting level combinations should rather be considered as 12 different sources of oak. However, those wood extracts that proved on preliminary sensory evaluation to have a burnt character (generally representative of the highest or 85%, v/v concentration level), and those that were derived from wood that was more coarsely granular than chip-sized were rejected. Only 80 of the 144 treatment combinations were therefore tested. Analyses were performed in groups, each containing a complete set of treatment combinations for specific factorial combinations. The 80 treatment combinations tested included only the "medium" toasting levels for the 45% and 85% concentration levels. Thus for the first analysis only data for the 65% concentration was included to obtain a complete set of data over the 12 agent x oak x toasting level combinations, resulting in a complete 12 x 2 x 2 (12 oak sources x open/close x ethanol/ water) factorial analysis. For the second analysis only data for medium toasting was included to obtain a complete set of data over concentration level, resulting in a 4 x 2 x 3 x 2 (4 "medium" toasted oak sources x open/close x 3 concentration levels x ethanol/water) factorial analysis (only relevant to the sensory and GC variables for unmatured pot-still brandy).
The variables measured were subjected to Analysis of Variance (ANOVA), using GLM (General Linear Models) procedure of SAS statistical software version 8.2 (SAS Institute Inc., Cary, NC, USA) (SAS, 2000) . The Shapiro-Wilk test was performed to test for normality (Shapiro & Wilk, 1965 ). Fisher's t-least significant difference (LSD) was calculated at the 5% probability level to facilitate comparison between treatment means.
Since not all of the 23 volatile and non-volatile components necessarily serve as classifiers, an initial univariate analysis was conducted to identify which species would have the greatest discriminating power. Multivariate analysis of variance (MANOVA) was also performed at the 95% confidence level. Discriminant analysis (DA) was used as the pattern recognition tool, using the full dataset or dataset comprising the 65% (v/v) concentration level. Based on the fact that selection of key features among the chemical data set may offer an increased reliability of the mathematical outcome, discriminant analysis by the forward stepwise method was used to select the most powerful discriminators or variables most effective at separating the factors. The ellipses around each grouping represent the 95% confidence limit for that grouping. All computations were carried out with the package XLSTAT 2008 [Pro] (Win).
RESULTS AND DISCUSSION
The rationale on which the extraction procedure was based, took several factors into account. In this study chips were added to spirits at 200 g/L. Concentrations of up to 500 mg/L, four times the threshold of 2 g/L, 1-10 g/L, 0.2-0.9 g/L and 2% or 2 g/100 mL for alcoholic beverages were either used, are recommended, or required (Singleton, 1974 (Singleton, , 1995 Giménez Martínez et al., 2001) .
Extraction of components is enhanced with chips because of the larger surface to volume ratio. Giménez Martínez et al. (2001) found maximum extraction of phenolic compounds with chip sizes ranging from 3-7 mm, similar to the chip size used in this study (except for Oak-Mor granular white oak).
Two solvents were selected for the purpose of this study, i.e. ethanol and water. Wine/water/spirits/hydro-alcoholic extracts act as solvents in the extraction of polymers (lignins, polysaccharides) during ageing. Spirits, in contrast to wines, damage the cellular structure of woody tissues (Vivas & Saint-Cricq de Gaulejac, 1999) .
In this study a 55% (v/v) ethanol concentration was chosen for extraction purposes for various reasons based on reported solids extractability/solubility and optimum quality (Singleton & Draper, 1961; Guymon & Crowell, 1970; Venkataramu et al., 1983; Puech, 1984; Venter, 1985; Puech, 1987; Singleton, 1995; Giménez Martínez et al., 2001) .
Because of its decisive influence on the concentration of compounds, and to achieve optimum extraction of wood aromatic compounds, heating times for oak wood that are in excess of 3-6 hours at 185°C are not recommended (Giménez Martínez et al., 2001) . Heating times of 120 (medium toast) and 150 minutes (heavy toast) at 200°C were used by the cooper in this study. In the absence of prior specifications, and of the variable concentrations used by different suppliers / producers, concentrations of 45%, 65% and 85% (v/v) were selected for this work.
The significance of the effects of the different treatments and their interactions were determined from the analysis of variance (ANOVA). Results for the treatments concentration type (open vs. closed), concentration level (45% vs. 65% vs. 85%, v/v), extraction medium (ethanol vs. water) and supplier (cooper vs. commercial) are given in Tables 2-10. Multivariate analysis of variance (MANOVA) was also performed at the 95% confidence level. A discriminant analysis technique was applied to better classify samples using a chosen set of variables. Because the number of extractions performed, their sensory evaluations, the number of components analysed by GC and HPLC, and the number of treatment combinations were large, too many results were obtained for a fully inclusive account to be presented here. Representative data are presented in Figures 1-5 and Tables 2-10.
Level of concentration
Extracts
Sensory evaluation (for acceptability only) of fortified oak extracts showed, for both commercial (result not shown) and specially prepared wood chips from a cooper (Fig. 1) , that extracts concentrated by 85% were generally more acceptable to the panel than those concentrated by 45% and 65% (v/v), with 65% (v/v) generally being slightly more acceptable than 45% (v/v). 
Unmatured pot-still brandy
Higher levels of concentration, i.e. 85% as opposed to 65% as opposed to 45% (v/v), yielded higher (p < 0.05) concentrations of the volatile wood-derived congeners eugenol and 5-hydroxymethyl furfural in unmatured pot-still brandy (Table 2) .
Minimal separation of the three groups of samples, i.e. 45%, 65% and 85% was achieved using DA (Fig. 2) .
Variation in the data may be attributed to factors that impact on the type and amount of compounds extracted from the wood. In addition to factors such as the origin and condition of the wood, type of oak, techniques of wood preparation and fabrication, seasoning treatment/location, coopering techniques and processes, and physical or chemical treatment of the wood, extraction conditions, including the medium and heat sources used, are known to impact on the type and amount of compounds extracted from the wood (Guymon & Crowell, 1970; Puech, 1987 Puech, , 1988 Francis et al., 1992; Sefton & Spillman, 1995) .
Cooper versus commercial
Extracts
Fortified extracts were subjected to sensory evaluation for acceptability purposes. Panelists found only minor differences between fortified extracts prepared from oak chips from a cooper and those from a commercial supplier. Overall, they slightly favored extracts that were prepared with chips obtained from a cooper (Fig. 1) .
Unmatured pot-still brandy
Pot-still brandies prepared with extracts of oak chips obtained from a cooper yielded higher (p < 0.05) concentrations of the volatile congener 5-methylfurfural than pot-still brandies prepared from commercially obtained chips (Table 3) . In contrast, pot-still brandies prepared with extracts of oak chips from commercial suppliers, contained higher (p < 0.05) concentrations of the lessvolatile congeners catechin, and vanillic and syringic acids than was the case in pot-still brandies prepared using chips from a cooper (Table 4) .
Eight-month matured pot-still brandy
Panelists detected little difference in sensory quality (p > 0.05) between eight-month matured pot-still brandies prepared with extracts from oak chips obtained from a cooper and from a commercial supplier. As was the case for fortified extracts, matured pot-still brandy samples prepared with extracts from cooperageobtained chips were slightly favored by the panelists (Fig. 3) . Similar to unmatured pot-still brandy samples, eight-month matured pot-still brandy samples prepared with extracts from chips obtained from a cooper, contained higher (p < 0.05) concentrations FIGURE 2 Plots of discriminant function scores of the first two discriminant factors (F1, F2) for the treatment classes 45%, 65% and 85%, computed using the variables percent acceptability, furfural, 5-methylfurfural, guaiacol, cis-oak lactone, trans-oak lactone, eugenol, 2,6-dimethoxyphenol, 5-hydroxymethyl furfural and vanillin. Unmatured pot-still brandies were prepared with oak wood extracts prepared from chips of different types of differently toasted oak obtained from a cooper and commercial supplier and subjected to various treatments as described in the legend to Fig. 1 . Cooper -65%. Commercial -65% -French oak.
Cooper/commercial -65% -French oak -medium FIGURE 3 Overall sensory quality of eight-month matured pot-still brandy from oak extracts prepared from chips of different types of differently toasted oak obtained from a cooper and commercial suppliers, subjected to various treatments and stored at room temperature or below 0°C. Open concentration of extracts performed in a 5 L flask on a heating mantle. Closed concentration performed under vacuum on a rotavap. Extractions performed in either water or ethanol medium. Only 65% (v/v) concentration was considered in the statistical evaluation. Legends, i.e. commercial -65% -French oak, indicate the group subjected to statistical treatment, i.e. only commercial French oak samples and the 65% (v/v) concentration level. Error bars represent the standard error of the mean.
of the volatile compounds / congeners 5-methylfurfural, as well as furfural, 2,6-dimethoxyphenol and 5-hydroxymethylfurfural (Table 5 ), but lower concentrations of less volatile (Table 6) wood-derived congeners protocatechuic acid, catechin, syringic acid, syringaldehyde and coniferaldehyde than those prepared using chips obtained from commercial suppliers. Significant differences were, therefore, observed in concentrations of the aromatic aldehydes vanillin (matured and unmatured samples), syringaldehyde (matured and unmatured), coniferaldehyde (matured) and sinapaldehyde (matured) in samples prepared from oak chips obtained from a cooper and a commercial supplier, respectively (Tables 3 to 6 ). Puech (1988) also reported differences in concentration in these phenolic compounds between different preparations, i.e. liquid and powder extracts and Armagnac traditionally aged in oak barrels.
In this study the observed differences between eight-month matured pot-still brandies prepared from chips obtained from a cooper and from commercial suppliers probably reflect the impact or influence of different factors such as oak origin, seasoning and coopering methods on the composition and concentration of compounds which affected the sensory quality of pot-still brandy. Different physical or chemical treatments used by manufacturers in the production of oak wood extracts are also known to impact on results (Puech, 1988) .
Ethanol versus water medium
Extracts
Both water and ethanol extracts of oak contain colouring agents, some carbohydrate derivatives, gallo-and ellagitannins, lignin fragments, and their precursor/degradation products. The extracts also add flavour to the final product (Singleton, 1995) . For both commercially and specially prepared chips from a cooper, extracts prepared in ethanol medium were more acceptable sensorially than those prepared using water as extraction medium (Fig. 1) .
Unmatured pot-still brandy
Generally, for detectable oak-derived congeners, the use of ethanol as extraction medium during the preparation of extracts yielded higher concentrations of most volatile compounds in unmatured pot-still brandy than the use of water as extraction medium (Table  7) . The concentrations of less volatile wood-derived congeners (gallic acid, catechin, p-coumaric acid, m-coumaric acid) in unmatured pot-still brandy, prepared with extracts from oak chips using ethanol as extraction medium, tended to be slightly or significantly (p < 0.05) higher than those prepared in water medium (Table 8) . Fluctuating concentrations for vanillin (4.75 to 7.11 mg/L), syringaldehyde (9.42 to 17.26 mg/L) and gallic acid (0.44 to 1.63 mg/L) in spirits macerated with American oak chips (2 g/L 55° proof ethyl alcohol) and diluted to 40°, have been reported by Giménez Martínez et al. (2001) . In this study, concentrations of 0 to 7.58 mg/L, 0 to 24.52 mg/L and 0.71 to 14.4 mg/L, respectively, were found for unmatured pot-still brandy prepared with American oak chips.
Eight-month matured pot-still brandy
Eight-month matured pot-still brandy, prepared with extracts from chips obtained from a cooper and using an ethanol medium, were more acceptable (p > 0.05) sensorially than those prepared using water as extraction medium (Fig. 3) . In the case of commercial samples, eight-month matured pot-still brandy prepared with extracts using a water medium was equally acceptable to that prepared using ethanol (Fig. 3) . Previous studies conducted at ARC Infruitec-Nietvoorbij also found the colour acceptance and ageing character of ethanol extracts to be superior to those of water extracts after eight months of maturation. Although the colour acceptance improved further from eight to sixteen months maturation, the ageing character decreased somewhat over the same period in ethanol extracts. Data obtained from these previous studies confirm that treatment of the wood (i.e. seasoning and toasting), the procedures used for the preparation of extracts, and storage conditions, all have remarkable effects on the composition and concentration of individual aroma compounds.
The concentrations of the volatile wood-derived congeners in eight-month matured pot-still brandy prepared with oak extracts using ethanol as extraction medium were generally higher than where water had been used as the extraction medium ( Table 9 ). The concentrations of the less volatile wood-derived congeners in eight-month matured pot-still brandy prepared with oak extracts that used ethanol as extraction medium were generally higher than those prepared using water as extraction medium (Table 10 ).
The improvement in sensory quality and the concentration of extractables in ethanol medium correlates with findings of other authors (Baldwin et al., 1967; Singleton, 1974; Puech, 1987) . High-alcohol beverages such as brandy are therefore likely to extract more flavour from wood than wine or other low alcohol beverages (Singleton, 1974) . Singleton (1995) stated that ethanol loss is greater from the more humid storehouses and the quality of brandy better. This may imply that ethanol evaporates from an interface that lies closer to the outer barrel surface under humid, than under low-humidity storage conditions. These findings have important practical implications, since a change in humidity in warehouses will influence the spirit strength and, in turn, the rate of release or hydrolysis of compounds from the wood into the brandy (Guymon & Crowell, 1970; Reid & Swan, 1993) . Improved extraction of the low molecular weight phenolic substances, including vanillin and gallic acid, in this study (Tables 7 to 10 ) is in agreement with Singleton (1995) . Singleton found that brandies resulting from the higher humidity storage of comparable barrels invariably had at least 15% higher content of nine low molecular weight phenolic substances, including vanillin and gallic acid, than where storage took place under lower humidity conditions. This author also found water to extract virtually none of these substances. Sixty percent alcohol was more effective as an extractant than 20% alcohol, but slightly less than 40%, with a possible optimum in the region of 55% (v/v) . In the present study 55% (v/v) alcohol, and a much more exhaustive extraction process was followed. This involved distillation and concentration, resulting in determinable concentrations of components, including the aromatic acids (vanillic and syringic acid), and the aromatic or cinnamic and benzoic aldehydes such as syringaldehyde, sinapaldehyde, vanillin and coniferaldehyde (Tables 2 to 10) . One concludes that reasonably high concentrations of ethanol in water have different solvent properties than water alone, leading to more effective hydro-alcoholysis of oak. Contrary to findings in this study, some authors reported alcohol extracts of oak chips to be less potent than water extracts with regard to the amount and nature of materials extracted, or in simulating ageing of wines, brandies and other spirits (Singleton & Draper, 1961) .
A two-dimensional plot of F1 and F2 afforded the separation as shown in Figs 4 and 5. Discriminant analysis separated the ethanol-and water-extracted groups of samples into two clusters, overlapping based on the 95% confidence limits. Clusters related to extraction medium were separated by the second factor, with heterogeneity in the boundary area between two separate clusters. Unmatured pot-still brandies showed more distinct grouping by extraction medium than eight-month matured samples using the first two discriminant functions, which together accounted for 96% and 78% of the total variation, respectively (Figs 4 and 5). 
Open versus reduced-pressure concentration
Extracts
Sensory evaluation indicated that those extracts that were concentrated open, under atmospheric pressure, on a heating mantle were more acceptable than those prepared under reduced pressure (Fig. 1) .
Unmatured pot-still brandy
Generally, for detectable oak-derived congeners, the use of open concentration in the preparation of extracts yielded significantly higher and lower concentrations of the volatile compounds cis-oak lactone and 2,6-dimethoxyphenol, and guaiacol, respectively, in unmatured pot-still brandy than where concentration was carried out under reduced pressure (Table 7 ). The concentrations of less volatile wood-derived congeners in unmatured pot-still brandy prepared from extracts that were concentrated open, generally (except for syringaldehyde) were equally to slightly higher (p > 0.05) to those concentrated under reduced pressure (Table 8) .
Eight-month matured pot-still brandy
Eight-month matured pot-still brandy prepared with extracts that were concentrated under reduced pressure were generally equally or slightly more acceptable sensorally (p > 0.05) than those concentrated open (Fig. 3) . The concentration of the volatile wood-derived congeners guaiacol, ethyl guaiacol, eugenol, 2,6-dimethoxyphenol and vanillin in eight-month matured pot-still brandy prepared with extracts concentrated under reduced pressure were higher (p < 0.05) than those concentrated open ( Table 9 ).
The concentrations of the less volatile wood-derived congeners catechin and gallic-, syringic-and ellagic acids in eight-month matured pot-still brandy prepared with extracts concentrated under reduced pressure were mostly lower or higher (protocatechuic acid) (p < 0.05) than where concentration was performed under open conditions. However, this was only the case where the chips from which the brandies were ultimately made came from the cooper (Table 10 ). The opposite was observed where the chips were obtained from a commercial supplier (results not shown).
Discriminant analysis separated the open-and closed classes or groups into two clusters, overlapping based on the 95% confidence limits. Clusters related to extraction medium were separated by the first factor (Fig. 4) . Unmatured pot-still brandies showed more distinct grouping by extraction method than eight-month matured samples using the first two discriminant functions, which together accounted for 96% and 78% of the total variation, respectively (Figs 4 and 5).
CONCLUSIONS
The treatments that yielded the highest quality products from a sensorial viewpoint were those that included a concentration of 65% (v/v), and ethanol, rather than water as extraction medium. Pot-still brandy prepared with oak chips specially prepared by a cooper fared better than commercial chips, thus proving the importance of knowing the specifics regarding the seasoning and preparation of oak staves and having a good understanding with suppliers. Although open concentration initially yielded products of higher quality than reduced-pressure concentration, the beneficial effects were no longer prominent after eight months maturation. It follows that there is a definite relationship between treatment, wood-derived congener concentrations and pot-still brandy quality. Although recommendations regarding single treatments can be made, it must be borne in mind that it is not always a single treatment, but a combination of various practices, that yield the best quality products.
Development of techniques to rapidly induce ageing character in brandy products should use ethanol instead of water as extraction medium, and higher levels (at least 65%, v/v) of concentration. 
